Abstract -This study evaluated the effects of aeration (constant aeration, intermittent aeration and a lack of aeration) and hydraulic retention time (HRT) (2, 3 and 4 days) on a continuous process with cell recycling, using chitosan as a natural coagulant for the sedimentation of a C 1 mixed culture. This culture was used for the biodegradation of hydrocarbons present in the effluent contaminated with diesel oil and gasoline. The responses monitored included the turbidity removal (TR), total petroleum hydrocarbon (TPH) removal and volatile suspended solids (VSS). Constant aeration and an HRT of 4 days produced the best results for the continuous process, resulting in the highest TPH removals (94% and 75% reductions in the supernatant and reaction tank, respectively) and TR (95%).
INTRODUCTION
The effluent generated in terrestrial fuel distribution terminals usually has a high organic load that is the consequence of the presence of the hydrocarbon constituents of gasoline and diesel oil (complex mixture consisting basically of paraffinic, olefinic, aliphatic hydrocarbons and aromatic compounds and, in smaller amounts, molecules containing sulfur, nitrogen, metals, oxygen, etc). Therefore, biodegradation is impaired by recalcitrance of some of these compounds present in gasoline and diesel oil and the high organic load values occasioned by these hydrocarbons.
The use of pure cultures (bacteria, yeasts or filamentous fungi) and mixed cultures for the decontamination of sites contaminated with petroleum and petroleum derivatives is often a promising technological solution, which significantly reduces or eliminates the pollution load that may be present in the soil or in liquid media (Bielecka et al., 2002; Díaz et al., 2000; Lakha et al., 2005; Townsend et al., 2004; Gogoi et al., 2003; Grishchenkov et al., 2000) . The activated sludge process is one of the most widely used technologies for biological treatment of wastewater. This process offers great advantages, including a decreased susceptibility to the inhibition of aerobic bacteria due to the short chemical adaptation time of the mud, a lower propensity of the effluents to generate unwanted features and the lack of a n is w ti co The experimental system employed in this study consisted of a reaction tank (with a working volume of 9 L and containing six ports connected to a mechanical stirrer, a thermometer, a dissolved oxygen probe, a gas outlet and a pH meter), an alimentation tank (working volume of 4 L), a mixture tank (working volume of 4 L), which provided the mixture of chitosan to the effluent and a sedimentation tank (working volume of 2 L). Reaction tanks operated continuously with an HRT of 2, 3 and 4 days at room temperature (29 ± 2 °C).
For the analysis of TPH and turbidity removals, we adopted the following criteria. a) Equation (1) was considered for the TPH removal in the reaction tank:
b) Equation (2) was considered for the TPH removal in the supernatant:
c) Equation (3) was considered for the turbidity removal:
where: S o = TPH Concentration in the alimentation tank (P1) S = TPH Concentration in the reaction tank output (P2) S e = TPH Concentration in the supernatant (P3) Tr = Turbidity in the reaction tank (P2) Tc = Turbidity in the supernatant (P3).
Reaction Tank Operating Conditions
Constant aeration using a bubble diffuser was performed to obtain a concentration of 1.5 mgO 2 /L. Intermittent aeration consisted of air injections every 6 h at a flow rate of 150 L/h for 30 min. The air flow rate was measured with a rotameter and controlled by an in-line valve.
The system was maintained at 29 ± 2 °C and was agitated continuously at 200 rpm/min. At the beginning of the process, the pH was adjusted to 7.0 (Vieira et al., 2009a) . The reaction tank was operated for 20, 30 and 30 days with HRTs of 2, 3 and 4 days, respectively.
Nine different aeration regimes (Table 1) were tested by varying the aeration time for each HRT condition. The aeration time for the intermittent aeration shown in Table 1 represents the sum of all air injection times. Conditions with constant aeration (experiments 3, 6 and 9), without aeration (experiments 1, 4 and 7) and with intermittent aeration (experiments 2, 5 and 8).
The produced sludge was continuously removed from the sedimentation tank to maintain the concentration of volatile suspended solids (VSS) in the reaction tank.
Our target VSS and solid residence time (SRT) were 1.8 gVSS/L and 10 days, respectively, to maintain a Food/Microorganism (F/M) ratio of around 0.6 for HRT of 2, 3 and 4 days. If the solids in the aeration tanks increased above 1.8 g/L, the operator released more sludge until the VSS level was again 1.8 g/L. If the VSS dropped below 1.8 g/L, the operator released less sludge and allowed the solids concentration to increase. The SRT was also controlled through these sludge withdrawals.
Natural Coagulants

Chitosan (CH)
One gram of chitosan powder (Sigma Aldrich Inc.) was dissolved in 100 mL of 0.25 mol/L hydrochloric acid while stirring with a magnetic stirrer at room temperature until a standard solution of 1% had been obtained.
Analytical Techniques
The concentration of TPH was quantified according to the method described by Vieira et al. (2007) . To measure TPH, hydrochloric acid was added to 10 ml of effluent to achieve a pH of 2 or less. TPH was then extracted from the acidic mixture using the solvent S-316 (dimer/trimer chlorotrifluoroethylene). Quantification of the extracted material was completed using an infrared spectrophotometer (Horiba, USA model OCMA-350). This spectrophotometes is adapted to measure aliphatic and aromatic hydrocarbons, independent of the number of carbon atoms in the compound. During the analysis, absorbances associated with CH, CH 2 and CH 3 groups are measured at wavelengths close to 3.4 μm, specifically CH (3.8 μm), CH 2 (3.42 μm) and CH 3 (3.50 μm). Associated software then converts the absorbance into total hydrocarbon content (U.S EPA, 2001). The volatile, total and fixed suspended solids were quantified along with SVI, COD (chemical oxygen demand) and SOUR according to the Standard methods for the examination of water and wastewater (Standard Methods for the Examination of Water and Wastewater, 1998). The turbidity was measured with a turbidity meter (model 2100N, Hach). Table 2 shows the average TR and TPH removal in the reaction tank and in the supernatant obtained with different aeration regimes. 
RESULTS AND DISCUSSION
TPH Removal in the Reaction Tank
The effluent showed an initial TPH of 7000 ± 400 mg/L. Table 2 shows that the process of constant aeration generally produced the best results for removal, with a removal of over 75% for aeration time/HRT of 96/4 (exp.9), followed by values of 65% and 55% for aeration time/HRT of 72/3 (exp.6) and 48/2 (exp.3), respectively.
The experiments without aeration and intermittent aeration demonstrate that, for the same HRT (experiments 1-2, 4-5 and 7-8), the system has a similar behavior, and the results were similar. This is most likely the result of the short period of aeration, which occurred at 6-hour intervals for 30 minutes. However, for this situation (experiments 7 and 8) is interesting to note that the amount removed in the reaction tank was also 70%. This suggests that low HRT enhances the biodegradation of the effluent by C 1 mixed culture. Vieira et al. (2010 Vieira et al. ( , 2012 studied the biodegradability of the same effluent presented in this work in a sequential batch reactor (SBR) tank of 5 L using chitosan, Moringa oleifera and ferric chloride with polyacrylamide as coagulant. In these experiments, the TOC and TPH removals for 4 cycles of operation were: Moringa oleifera (31±1.5% and 28±1.4%), chitosan (82% ± 0.5 and 80 ± 1.0%) and for the combination of ferric chloride and polyacrylamide (78.4± 1.0% and 77.1±1.2%), respectively. When compared with the best results obtained in this present study for the aeration regime of 96/4 (Experiment 9, TPH removal in the reaction tank was 75% and COD removal was 77%, while in the supernatant the TPH and COD removals were 94% and 95%, respectively. These values demonstrate that the continuous process is more efficient because the working volume of the reaction tank was 9 L. The initial COD was 6330 ±520 mg/L. The results also show that the biodegradability of the mixed culture was not impaired by adding chitosan during the experiments. Moreover, this system was operated continuously thereby simulating the actual conditions of a possible treatment of contaminated effluent with diesel oil and gasoline. This demonstrates the possibility of operating a pilot scale system to treat large volumes of effluents. Figure 2 shows the behavior of responses for TPH removal (in the reaction tank and supernatant) and TR as a function of aeration (constant aeration, intermittent aeration and a lack of aeration) and HRT of each experiment. Figure 2 shows the TPH removal in the reaction tank and supernatant. By analyzing these figures, it can be observed that the difference between the TPH removal in the reaction tank and in the supernatant was approximately 30% for the HRT of 2 days, 25% for the HRT of 3 days and 20% for the HRT of 4 days. This difference was due to the greater influence of the HRT and not to significant changes in aeration frequency. Preliminary tests showed that chitosan is not efficient for hydrocarbon adsorption. Vieira et al. (2012) , where a batch reaction tank with intermittent aeration showed better results. It was noted in this study that, in the continuous process without aeration, the dissolved oxygen concentration was 0.3 mgO 2 /L. This fact correlates with the vigorous agitation of the medium and the recycle cell, which may also have contributed to the better results with constant aeration for the continuous process under study. Moreover, the continuous process, using a system with activated sludge coagulating agent and chitosan, proved to be very promising for the removal of hydrocarbons from wastewater generated in the fuel terminals.
TPH Removal in the Supernatant
The use of a natural coagulant for the settling had the purpose of obtaining a biodegradable sludge without any other toxic product or heavy metal, in order to ensure the treatment of effluent with hydrocarbons in an environmentally friendly manner.
CONCLUSIONS
The use of chitosan solubilized in HCl proved to be effective in continuous processes, because after 30 days of the process there was no change in the average efficiency of COD and TPH removals. In the continuous process, the best results for removal of TPH and turbidity came from the continuous aeration system with a feed flow rate of 1.6 mL / min, which corresponds to the hydraulic residence time of 4 days. In this condition, we obtained turbidity removal of 95%, TPH removals of 75% and 94% in the reaction tank and supernatant, respectively, and a VSS concentration of 1.8 g/L in the reaction tank. These results are of interest from an environmental perspective because this process allows the use of biodegradable and natural coagulants for the treatment of effluents containing diesel fuel and gasoline, making the treatment sustainable and environmentally friendly.
